Microsurgical denervation of the spermatic cord has been described as a treatment modality for patients with chronic scrotal content pain. The aim of our study is to evaluate a modifi ed technique by performing denervation of the spermatic cord without a surgical microscope in patients with chronic scrotal content pain as a simplifi ed modality. This retrospective study included 20 patients who underwent denervation of spermatic cord without using surgical microscope for treatment of intractable chronic scrotal content pain. Post denervation pain was assessed 6 months after the surgery. Twelve (60%) patients reported complete alleviation of the symptoms, four (20%) patients noticed more than 50% improvement in their symptom, two (10%) patients had less than 50% improvement, and two (10%) patients reported no changes in their complaint. In conclusion, denervation of the spermatic cord without using surgical microscope is simple and feasible and shows comparable results to microsurgical denervation in treating patients with chronic scrotal content pain. Further studies are needed to confi rm the effi cacy of this modality.
Introduction

C
hronic scrotal content pain (CSCP) is defi ned as intermittent or constant pain in the testis for three months or longer which leads to signifi cant interference with patient activities during the day so he would need to seek medical advice [1] . A survey among urologists in Switzerland in 2004, reported a mean of six new patients per month with CSCP who sought medical attention [2] . Patients with chronic scrotal pain represents a heterogeneous group due to variations in etiologies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Potential causes for CSCP include vasectomy, inguinal hernia repair, spermatocele, varicocele, hydrocele, epididymitis, prostatitis, testicular tumor, intermittent torsion, radicular pain and referred pain from other origins [18, 19] . However, up to 25% of CSCP have unknown etiology [1, 20] . Chronic scrotal content pain is an uncommon problem but it aff ects up to 100,000 men per year due to diff erent causes including 6% to 12% after vasectomy, up to 18% post inguinal hernia repair, up to 5% after diff erent scrotal procedures and between 1% to 2% following abdominal or groin surgery [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Chronic scrotal pain is frustrating to many patients and most of them consult several physicians, undergo multiple diagnostic procedures including ultrasound and eventually CTscan, and are treated with repeated antibiotic courses and nonsteroidal anti-infl ammatory drugs (NSAID), but usually with low success rates [13] [14] [15] [16] .
Management of CSCP should always start with conservative medical therapy [21] . However, when less aggressive medical modalities fail, patients are often willing to undergo invasive surgeries, or even orchidectomy, for relief of their chronic pain [21] . Various surgical modalities exist including orchidectomy, epididymectomy, varicocelectomy, vasovasostomy, and microsurgical denervation of spermatic cord (MDSC) [21] . Devine and Schellhammer initially described microsurgical denervation of the spermatic cord in two cases in 1978 [22] while Levine et al. described further details about this procedure in 1996 [23] .
A major factor in CSCP development mechanism is altered nerve sensation around the spermatic cord [24] . Ablating these altered nerve pathways in the cremasteric musculature, perivasal fascia, peri-arterial tissue and surrounding pericord lipomatous tissues is the cornerstone of MDSC to treat the pain [25, 26] . Innervation of the scrotum arises from somatic nerves in the genital branch of the genitofemoral nerve, ilioinguinal nerves and autonomic branches from T10-L1 parasympathetic ganglia [27] . Wallerian degeneration (WD) is considered a potential cause of peripheral nerve hypersensitivity, although the exact mechanism of WD activation still controversial [24] .
We have applied a modifi ed technique at our center by performing denervation of the spermatic cord without using a surgical microscope in patients with CSCP; aiming to evaluate the effi cacy and safety of this simplifi ed technique.
Materials and Methods
This is a retrospective study where a total of 20 patients underwent surgical denervation of spermatic cord for treatment of intractable chronic testicular pain. All patients reported either continuous or intermittent testicular pain for at least three months, which failed conservative medical treatment. The most common location of the pain was the upper pole of epididymis, or a soft tissue or lump just proximal to this region.
The patients underwent a full detailed medical history and physical examination to identify the possible location and etiology of pain. The medical history focused on previous genital infection, any previous surgeries in the groin, scrotum, pelvis and/or spine. Local trauma, other chronic pain conditions, analgesic use, psychiatric disorders and previous treatments were also assessed. Detailed evaluation was performed to identify the exact location of the pain (i.e.,testicle, epididymis, vas deferens or other cord structures), and to exclude other causes of pain such as chronic pelvic pain syndrome or pain due to urinary tract infections or structural or functional abnormalities. Duplex scrotal ultrasound was performed in all patients to rule out any abnormalities such as testicular tumor, torsion, varicocele, hydrocele, spermatocele, inguinal hernia or epididymo-orchitis. Preoperative spermatic cord block, which is recommended by several authors [21, 22] , was used in only two patients to estimate the response of the surgery.
All patients received information about the risks of the procedure including failure to alleviate the pain, postoperative infection, bleeding, ischemia or even loss of the testis.
Follow up was conducted at six months after surgery. The pain outcomes after denervation were described as complete response, more than 50% improvement, less than 50% improvement, or no response/deterioration.
Procedure
All the procedures were performed in the day-surgical unit with the patient under general anesthesia. Scrotal examination under anesthesia was performed to exclude any abnormality not identifi ed in regular clinical examination. A 4 cm inguinal incision was made just above and parallel to the spermatic cord. The spermatic cord was dissected free and the vas deferens was dissected from surrounding soft tissues harboring the nerve fi bers. In most cases, the testicular artery was successfully identifi ed using intraoperative Doppler ultrasound probe. Once the artery was identifi ed, soft structures between the vas deferens and the vessel sheath were divided. Afterwards, all the fi bers of the cremasteric muscle, where the genital branch of the genitofemoral nerve runs, were sectioned and about four centimeters of the muscle was resected in order to minimize the risk of re-innervation. Coagulation of the muscle fi bers was done meticulously to avoid postoperative bleeding.
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Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows, Release 21.0 (IBM Corp., Armonk, NY USA). Absolute frequencies, proportions and mean values were used to describe the data.
Results
Mean age was 46 years (ranging from 31 to 76 years). The mean duration of pain varied from 3-12 months. Eighteen patients underwent unilateral procedure, divided equally by the right and left sides and two patients underwent bilateral procedures. At 6-month post denervation, 12 (60%) patients reported complete alleviation of the symptoms, four (20%) patients noticed more than 50% improvement in their symptom, two (10%) patients had less than 50% improvement, and two (10%) patients reported no changes in their complain (Table I) . We did not encounter any signifi cant intra-operative complication and all patients were discharged at the same day of surgery. However, scrotal hematoma developed in two (10%) patients, and postoperative hydrocele was noticed in one (5%) patient. None of these patients required another surgical intervention. In addition, no patient developed testicular ischemia or atrophy.
Discussion
Wallerian degeneration (WD) distribution was found in three main areas, including the cremasteric muscle, perivasal tissues and peri-arterial fascia [24] . The success of denervation procedures might be explained by ablation of the nerves in these areas [24] . It was suggested that more targeted denervation of these areas may lead to better success rate [24] . Particular attention to these areas during elective procedures, such as vasectomy and inguinal hernia repair, is suggested to avoid any irritation or trauma to the nerves and minimize the risk of future CSCP [24] . Chronic scrotal content pain is mediated by the scrotal and spermatic branches of the genitofemoral and ilioinguinal nerves, as well as by sympathetic fi bers that supply the testis [14] .
Microsurgical denervation of the spermatic cord may result in relief from CSCP by removing the aff erent nerve stimulus [14] . The changes in the PNS and CNS can be down-regulated and the chronic pain stops [14] .
An exact cause for chronic scrotal or testicular pain is diffi cult to ascertain due to the inconsistent use of descriptors throughout the literature [17] . Around 25% of these patients never receive a satisfactory explanation for the exact etiology of their pain [20] . Many terms have been used to describe the chronic pain in the scrotum as testicular pain, chronic testicular pain, chronic scrotal pain, chronic orchalgia, chronic orchidynia, and chronic genital pain [17] . Chronic scrotal content pain, a term suggested by Levine 2010 , to capture the phenomenon of chronic pain that occurs in diff erent area of the genitalia including the testicle, testicular accessory structures, spermatic cord, epididymis, or the scrotal skin [17] . This term, however, fails to adequately determine the diff erences in innervation among these structures and may lead to diffi cult classifi cation of this chronic pain syndrome [17] . A prospective study from a high volume vasectomy center in Oxford revealed that 15% of patients had some degree of scrotal discomfort up to 7 months postoperatively, somewhat overrepresented by the traditional instrumentation compared to Li´s non-scalpel technique [28, 29] . Out of these, 0.9% developed chronic testicular pain, which was severe and noticeably aff ected their quality of life [28, 29] . Nevertheless, when failure of conservative treatment is experienced in patients who suff er from chronic testicular pain, surgical treatment may be the only reasonable option [14] . Several radical surgical procedures such as inguinal or scrotal orchidectomy and epididymectomy have been used to manage CSCP with failure rates of up to 57% [1, 13, 30, 31] . However, many studies show variable success rates in patients undergoing orchidectomy [21] . Davis et al. reported a success rate of 74% in a small series of 15 patients [1] . In addition, Yamamoto et al. [32] shows 3 of 4 patients having complete success after orchidectomy. So, limited studies demonstrate success with orchidectomy in spite of the potential risk of psychological impact [21] . It should be regarded as the last option in patients with CSCP [21] . A recent long-term study, where 79 patients were operated on by MDSC with a mean follow-up of 20.3 months, revealed 71% of the surgeries were successful, 17% of patients experienced partial pain relief and 12% showed no pain relief [21] . Nowadays MDSC appears to be a reasonable approach to relieve [21] .
In CSCP resulting from hernia repair, it would be appropriate to fi nd the ileoinguinal nerve proximal to the operation fi eld and divide it. In cases of post vasectomy CSCP, chronic infl ammation, swelling and even perforation of the epididymal duct on specimen after vasectomy have been noticed due to elevated pressure. However, epididymectomy might be an option in these cases.
Denervation of the spermatic cord without using surgical microscope is a modifi ed modality used in our center to treat 20 men with CSCP. It demonstrated almost similar effi cacy compared to microsurgical techniques [21] . At six months post-surgery, 60% of patients experienced complete alleviation of pain while 20% observed more than 50% improvement. On the other hand, only 10% of patients had less than 50% improvement and 10% reported no changes in their symptoms. Our effi cacy results are in line with those achieved after MDSC [21] . In addition, our modifi ed technique has proved to be safe with no signifi cant intra-operative or post-operative complications. Mild post-operative complications requiring no interventional management were reported (scrotal hematoma [10%] and hydrocele [5%]). Our modifi ed technique can be easily done in a day-surgical unit. It carries the same idea of removing the aff erent nerve stimulus by sectioning the cremastric muscle fi bers and the fi bers around the vas deferens. Moreover, vas deferens is preserved during the surgery to prevent further formation of sperm granuloma, which might cause persistent postoperative pain.
Our study has some limitations including the retrospective design, limited number of patients, short follow-up period, and lack of using preoperative cord block in most patients. A larger scale long-term controlled study is required to further assess the outcomes of our modifi ed technique.
Conclusion
Denervation of the spermatic cord without using surgical microscope is feasible and shows comparable results to microscopic denervation of the spermatic cord in treating patients with chronic scrotal content pain. Further studies are needed to confi rm the effi cacy of this modality. 
